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THE DEPENDENCE OF CERTAIN ELECTRO- AND THERMOPHYSICAL PROPERTIES
OF ZIRCONIUM MONOCARBIDE ON CARBON CONTENT IN THE
HOMOGENEITY REGION

A. I. Avgustinik, O, A. Golikova, G. M. Klimashin,
V. S. Neshpor, S. S. Ordan'yan, V. A. Snetkova

(Leningrad Technological Institute imeni Lensovet, Semiconductor
Institute of the Academy of Sciences USSR)

ABSTRACT

Specific resistance, absolute thermoelectromotive force,
and Hall's coefficient in specimens of zirconium monocarbide,
having a carbon content from 36 to 48 at. %, are studied.
These properties decrease with a decrease in bound carbon,
while thermal conductivity increases.

Zirconium monocarbide is one of the most refractory metal-like com- /1439%
pounds (Refs. 1, 2) and is of interest as a heat-resisting material (Ref. 3)
and as a material for direct converters of thermal energy into electrical
energy (Ref. 4).

Zirconium monocarbide crystallizes in the NaCl structural type with an
extensive region of carbon homogeneity (Ref. 5). It is characterized, on the
one hand, by the great hardness and brittleness which is inherent in covalent
crystals, and, on the other, by metallic conductivity (Refs. 1, 2, 6-8). The
physical properties of pure zirconium carbide free from admixture of metals,
oxygen, or nitrogen have been inadequately investigated. In a previous work
(Ref. 9) we have studied electrical conductivity, thermal conductivity, and
thermoelectromotive force in the homogeneity region of zirconium monocarbide
synthesized from materials having technical purity under conditions of a

technical vacuum of 10—4 mm Hg. The subsequent analysis showed that these
specimens contained about 1.47% nitrogen impurity.

A study of the electrical properties in the homogeneity region of ti-
tanium carbide which we synthesized from materials of high purity (Ref. 10)
demonstrated the fact that the resistivity of this monocarbide, which is
close to stoichiometry, is far higher than preceding papers had established
(Refs. 11, 12), and diminishes as carbon deficiency increases. Measurement
of thermoelectromotive force and Hall's coefficients in specimens of pure ti-
tanium monocarbide indicated that conduction electrons meantime became con-
siderably more concentrated. This concentration predominated over the rising
dispersion of electrons into the carbon vacancies, with the result that resis-~
tance dropped as the carbon deficiency increased.

In this connection, the present work has investigated the electrical

* Numbers in the margin indicate pagination in the original foreign text.



resistance (p), absolute thermoelectromotive force (a), Hall's coefficient (R),
and thermal conductivity (A) in specimens of pure zirconium monocarbide

(ZxC — ZrC ) in the homogeneity region.
0.96 0.58

The specimens were synthesized from zirconium iodide (99.85% Zr) and
acetylene black (99.995%7 C) at a temperature of 1800°C in a vacuum resistance

furnace (evacuated to 4’10_6 mn Hg) with a heater of pure graphite containing
no more than 0.1% of impurities and having a density of 2.2 gram/cc. The
specimens were sintered in the same furnace at 2200°C.

Absence of the metallic admixtures which ordinarily activate sintering
(Refs. 13, 14) gave high porosity (20 - 30%) to specimens with a zirconium
content of less than 90%. With a higher zirconium content, the specimens ob-
tained were very dense (less than 2% porosity). Influence of porosity on elec-
troresistance, thermal conductivity, and Hall's coefficient were computed ac-
cording to the methods of Skorokhod, Lorb, and Juretschke (Refs. 15, 16 and 17),

Composition of the specimens was checked by chemical, spectra, and /1440
X-ray analyses. The table gives results of the chemical analysis and lattice
parameters of the specimens. The content of free carbon in the specimens did
not exceed 0.2%., It is noteworthy that the lattice spacings of the zirconium
monocarbide specimens with differing carbon contents which we produced are in
good agreement with the results of Bittner and Goretzki (Ref. 18). The
findings of qualitative spectral analysis* indicated that the specimens con-
tained negligibly small amounts of the impurities Ti, Al, and Si, plus traces
of Fe, Nb, Ni, Mg, Ca, and Hf (total impurity content no more than 0,05 - 0.1%).

The method of measuring electrical resistance, thermoelectromotive force,
and thermal conductivity has been previously given (Refs. 9, 19). The Hall
potential difference was measured by a F18 device. Magnetic field strength
was 15,000 oersteds; the current passed through the specimen was 2 - 3 amp.

Hall's coefficient and the thermoelectromotive force of all specimens

- are negative in sign, which indicates that zirconium monocarbide has predomi-

nantly electron conductivity. As may be seen from Figure 1, Hall's coefficient
decreases in absolute value as the carbon deficiency grows larger. We (Ref.
10) and other authors (Ref. 11) derived qualitatively similar results for
specimens of titanium monocarbide with variable carbon contents, as opposed

to findings by Williams (Ref. 21), who detected no changes in Hall's coeffi-
cient in the titanium monocarbide homogeneity region. The values for Hall's
coefficient derived by Williams for specimens close to stoichiometric compo-
sition are in fairly good agreement with the results of Tsuchida et al.

(Ref. 20).

At the present time there are no experimental investigations of the shape

* G. I. Kibisov kindly conducted the spectral analysis.



CHEMICAL COMPOSITION AND LATTICE SPACINGS OF ZIRCONIUM CARBIDES

Chemical Composition,
Weight % X-ray
Phase Molecular- Lattice |density,
7r C N Cgmposi— formulg ] Spacing o gram/cc
bound tion Composition* [40,0005A

88,1 1L, 28 0,020 rC ZrCo,95 (No,002) - -

- 10,70 0,040 ZrC ZI'C()_Q[ (Novoog) - -
89,4 10,62 | 0,050 ZrC 7rCo.90 (No.o0s) 4,7027 | 6,508
90,1 10,34 0,065 ZrC ZrCo,s8 (No,00s) 4,6985 6,489
91,0 10,08 0,033 ZrC ZrCo.ss {No.002) 4,6990 | 6,468
90,0 9,91 0,040 ZrC ZrCo.83 (No,003) 4,6995 6,449
90,8 9,59 | 0,050 7rC 7rCo's1 (No.oos) 4,6948 | 6,442
92,2 8,05 | 0,047 ZrC ZrCo 67 (No.003) 4,6913 | 6,359
93 ’ 1 7 ,07 0 ,086 ZrC ZrC0‘53 (Ng'ms) 4 ,6850 6 y 303

* Formula composition was calculated on the basis of an analysis
for content of bound carbon, as being most accurate.

of the Fermi surface in zirconium monocarbide. Insignificantly small magneto-
and piezoresistance effects have been detected in titanium monocarbide, which
is similar to ZrC structurally (Ref. 22) and also similar in the nature of the
inter-atomic bond (Refs. 17 - 19). This provides a basis for assuming that
the Fermi surface in monocarbides of group IV has a nearly spherical shape,
while the conductivity electrons may be considered free. In this case the
drop in Hall's coefficient in the transition from stoichiometric carbide to
carbon-deficient carbides indicates increased concentration of free electrons:
n = é%. This result finds no explanation within the framework of the energy-
level diagram of valence electrons in monocarbides of group IV, as proposed

in (Refs. 8, 23-25), but is in good agreement with the assumption that some

of the metal-carbon valence bonds are disengaged and with the formation of /1441
unshielded metal-metal bonds, when the number of carbon defects increases in
monocarbides of the NaCl structural type (Ref. 26). The increase in the con-
centration of free electrons, as carbon deficiency in zirconium monocarbide
grows larger, is probably the reason for the observed decrease in the absolute
value of the thermoelectromotive force (Figure 1).

Figure 1 also indicates the dependence of zirconium monocarbide resistance
on carbon content. In monocarbides with high carbon content, the value of p
substantially exceeds the valueg reported earlier for specimens produced by
hot pressing (Refs. 1, 6), or by cold pressing and vacuum sintering from
technically pure materials (Ref. 9). It approaches the values reported for
pure titanium monocarbide (Refs. 10, 27, 28) and zirconium monocarbide produced
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Figure 1

Dependence of Resistivity
(p), Absolute Thermoelec-
tromotive Force (a), Hall's
Coefficient (R), and Thermal
Conductivity (\) of Zirconium
Carbide on Content of Bound
Carbon:

1-=0p, 2 -1, 3--aq,
4 -~ R, 5 -=— R (findings of
Tsuchida et al [Ref. 20])

by precipitation from the gaseous
phase* (Ref. 27). The electrical
resistance of strongly astoichiometric

specimens investigated in the pre- [1442

sent work do not differ very greatly
from the values derived earlier
(Ref. 9) for specimens of technical
purity.

As may be seen from Figure 1,
the electrical resistance of zirconium
monocarbide specimens decreases as
their carbon content decreases. This
agrees with the results obtained for
titanium monocarbide (Ref. 10), as
well as with the nature of the change
in p in carbides of technically pure
titanium and zirconium, after taking
into consideration the contribution
made by dispersion of electrons in
the carbon vacancies (Ref. 9). The
observed decrease in p with decrease
in carbon content, despite the rise
in concentration of carbon vacancies
and the decline in strength of the
interatomic bond (Ref. 9), indicates
the predominant effect of the increase
in concentration of conductivity elec~
trons. The reason is probably the
same as for the observed increase in
thermal conductivity of pure zircon-~
ium monocarbide as carbon content
decreases (Figure 1), while in speci-
mens of technically pure monocarbide
the reduction in carbon content led
to reduced thermal conductivity
(Ref. 9).

The temperature dependence of re-
sistance and thermoelectromotive force
in specimens with differing carbon

* A resistance of about 190-10_6 ohm*cm was found for the specimen ZrC0 96

®. 00

2) produced by precipitation from the gaseous phase. This is approxi-

mately half that of the value established in the present work for specimens
of similar composition produced by pressing and sintering. The probable
reason for this, as in the case of titanium monocarbide (Ref. 10), is the
lesser number of microdefects which are not taken into account by the
correction (Ref. 15) for macroscopic porosity of sintered specimens.
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Figure 2

Dependences of Specific
Electrical Resistance and
Absolute Thermoelectromotive
Force of Zirconium Monocarbide
Specimens on Temperature

and Composition:

1 -= 2rCy gg®y o5
2 = ZrCy 86 M. 002y,
3 = 2rCy 55y g0
4 == ZrCy g1 My 004) >
5

= 2rC4 836 ™Mo, 003’

contents is shown in Figure 2. Speci-
fic electrical resistance and abso-
lute thermoelectromotive force rise
linearly with the rise in tempera-
ture, while the slope of the straight
lines showing the temperature depen-
dences of specific resistance and
thermoelectromotive force does not
remain constant, i.e., the Matthiessen
rule is not fulfilled in the same

way as was earlier ascertained (Refs.
10, 19) for the monocarbides of other
transition metals of groups IV and V,
including technically pure zirconium
monocarbide,.*

In conformity with (Ref. 19),
the slope of the straight lines of p
and o becomes less as the carbon con-
tent drops, despite the increased am-
plitude of the thermal oscillations
of the atoms in the lattice of the
more defective monocarbide specimens.
This apparently indicates a change
in the parameters of the conduction
zone in the monocarbide as carbon
content changes. In studying the
temperature dependences of the thermo
electromotive force and electrical
resistance of pure titanium monocar-
bide with a varying carbon content,
it was demonstrated (Ref. 10) that
the effective mass of the conduc-
tion electrons decreases with a re-
duction in carbon content. The simi-
lar nature of the temperature depen-
dences of p and o, established in
the present work for zirconium mono-
carbide, shows that -- with a weaken-
ing of the shielding of the bonds be-
tween metal atoms by electrons in the
directional metal-carbon bonds -- the
conduction band, which is basically
S-shaped and which is formed by metal-
metal bonds, becomes wider (its

* The relative location of the straight lines showing temperature dependence
of the zirconium monocarbide specimens differs from the case of technically
pure specimens (Ref. 19). In conformity with Figure 1 the straight lines
for the specimens richer in carbon are located higher than the corresponding
straight lines for specimens with lesser carbon contents.



-

effective mass drops) as carbon content diminishes (Ref. 26).
Conclusions

A study has been made of specific resistance, absolute thermoelectro-
motive force, and Hall's coefficient in specimens of zirconium monocarbide
synthesized from pure zirconium and carbon under vacuum and having a car-
bon content from 36 to 48 at. Z.

1t is shown that the current carriers in zirconium monocarbide are free
electrons. With a decrease in the content of the bound carbon there is a
drop in electrical resistance, thermoelectromotive force, and Hall's coeffi-
cient, and a rise in thermal conductivity in zirconium monocarbide. This /1443
is caused by liberation of some of the valence electrons of zirconium from
localized metal-carbon bonds.

As temperature rises, specific resistance and absolute thermoelectro-
motive force in the zirconium monocarbide specimens rise linearly, while
with reduction in carbon content the slope of the straight lines showing
temperature dependence of electric resistance and thermoelectromotive force
becomes smaller, which has its probable cause in reduction of the effective
mass of the conductivity electromns.
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A. H. AB'VCTHHHE, O. A, POTHREOBA, I' . M. RIHMANIIHH,
B.C. HEmIraorP, C. C. OPTAHbAH, B. A. CHETKOBA

3ABUCHMOCTh HEKOTOPBIX 9JIEKTPO- H TEINJIOON3NYECKHX
CBONCTB MOHOKAPBUJIA HUPKOHUA OT COJAEP:RAHNA
YIJEPOJA B OBJIACTH I'OMOTEHHOCTH

MomokapOun MUPKOHUA ARIASTCA OMHUM W3 HanOoldee TYTOMIABKAX METAall-
Nonopo6uex coeguuenwii [1,2] u mpepcTaBiger uHTepec B KadyecTBe KAPO-
mpognoro MaTtepumaia [3] um Marepuana AiA OPAMLIX TpeofpasopaTesieil Tel-
JI0BOIt BHEPrUA B DIeKTpIIeCKyIo [4].

MonoxapGu, TUPKOHAA KpUcTalIuayercsa B ¢rpykrypuom tune NaCl ¢ mm-
POKOit 06IacTHI0 TOMOTEHHOCTH 110 YIiepody '[5] w xapaxrepusyercs, ¢ OHOI
CTOPOHEI, BBICOKO TBEPOCTHI0 M XPYOKOCTBIO, CBOHCTBEHHONW KOBaJeHTHHIM
KpHCTaJIaM, & ¢ JApyrodl  CTODOHBI, METANIWIECKON  IIPOBOJEMOCTHIO
[1, 2, 6—8). Dusnueckue cBOficTBA IHCTOTO KApPOWAa IUPKOHNA, CBOGOHOTO
0T mpuMecell MeTajiioB, KHCIOPOfAa H a30Ta, HCCIAEKOBAHBI HELOCTATOYHO,
B upegsyryuieit paGore [9] maMn Gpiim HCCIEOBAHLL 3IEKTPONPOBOJHOCTE,
TeIIOIPOBOZHOCTE 1 TEPMO3.I.C. B 061aCTH TOMOTEHHOCTH MOHOKapOMma Iup-
KOHMS, CHHTE3IPOBAHHOIO II3 MATEPHANOB TeXHWIECKONW YMCTOTHL B YCIOBHAX
TexHuueckoro BaxkyyMa 10~% s pr. cr. Hocnegylomuil ananns mOKa3al, 4To
a1 ofpasupl cogepxamn oxoio 1,4% uprmecn asora.

Usyuenne slexTpmyecKHxX ¢Boiicts B 001acTH rOMOTeHHOCTH Kapbuma TH-
TaHA, CHHTE3NPOBAHHOTO HAMH I3 MaTepHANOB BBIcOKOM wmctoTel [10], moxa-
3aJ10, WTO YAeNLHOe CONPOTHBIEHHe OIM3KOrc K CTEeXMOMETPHM MOHOKapbmaa
HAMHOTO BBIIIe, 4eM OBLIO YCTAHOBIEHO B IpemsImymiumx paborax [11, 12],
U yMeHbIllaeTcA ¢ Bo3pacTaHmeM RedumuTa yriepoma. Msmepenme Tepmoa.n.c.
un xoogpriuentor Xoara 06pasoB YHCTEIX MOHOKapOMIOB TWTAHA ITOKA3AIO0
CYIIEeCTBeHHOEe BO3PACTAHNE TIPH ITOM KOHNEHTPAIHA 3JEeKTPOHOB MPOBOTIMO-
CTH, KOTOpOe HpeBalHPyeT HAL BO3PACTAIHMM paccesHMeM 3IeKTPOHOB Ha
VITePOAHLIX BaKaHCIAX, B Pe3yiakTaTe 9ero COIPOTHBIEHHE ¢ BO3PACTAHIEM
JeduiuTa ™o yrilepoRy majgaer.

¢ B enasu ¢ aruM B Hacroameil pabore 61710 TPOBEIEHO HCCAEIOBAHIe 3I€K-
TpocomporiusiacHus (p), abcomoTHOH Tepmoa.m.c. (a), koadpdmmmenta Xomra
(R) m remnomposogmocrn (1) ma ofpasmax 9ucTOro MOHOKapOmma IUPKOHU:A
{ZrCog6—ZrCoss) B 061aCTH TOMOTCHHOCTH.

Ofpasnsl cuATe3npoOBaJnch M3 Hogwpuoro nmupronns (99,85% Zr) m amermienoBoit
cayu (comepsxameit 99,995% C) npm temmeparype 1800° C B BaKyyMHOH Tleud conpoTHB-
senns (WpH paspeskeHnm 4-10-% mam pr. er.) ¢ HarpeBaTeileM H3 uymCTOTo TpadmTa, cofep-
sKamiero He Hogee 0,i% IpuMecein i HMEBIHErs TRoTHOCTL 2,2 z/cm®. OApaamel cneKaIACh
B TOH jKe medu npu remueparype 2200° C.

Benesiersiie oTCyTeTBES OORIYHO aKTHBHPYIOINNX clIeKaHNe MeTAJIANYecKHX
mpumeceii [13, 14] ofpasmnr ¢ copeprannem nupronus Mexee 90%  nmemnn
BBICOKYI0 mopmetocth (20—30%). IIpu Gosee BLICOKOM cCOeP/KaHUM MUPKO-
AU 06pasIbl MOJyYach BechMa TroTHEMH (nopucrocts MeHee 2%). Bama-
HIe MOPUCTOCTH Ha DIEKTPOCONPOTHBICHHE, TEIIONPOBOLHOCT: 1 KO3(gmmn-
ent Xoana yauresaxocs mo Merogam [15—17].

1439



Cocrap 00pa3siioB KOHTPOAHPOBALCA HyTeM XUMHYECKOTO, CIEKTPAIbHOIQ, W
PEeHTTEHOCTPYKTYPHOTO aHATMHM30B. Pe3yIbTaThl XMMI4ecKOro aHald3a 7 Ha[ae
MeTphr pemeTkn 00pasnos drpusejieHEl B Tabamme, ComepskaHne cBOGOTHOTO
yraepoga B obpasmax He mpesbimanao 0,2%. OGpamaer ma cefs BHEIMaHue
X0pommiee CcOBIageHHe TIEPIOJ0B PellleTKN MOIYYeHHBX HAMH 00pasIoB MOHO-
RKap6uja MUPKOHIA ¢ PA3INTHBIM COeprKaHueM YIIepoda ¢ PesyIbTaTaMh pa-
dotot [18]. Ilo gaHHBM KavecTBeHHOTO CIEKTPANBHOr0 aHannsa * o6pasmsl co-
Hepany HIUYTOMHO Mansre KommdectBa mpmMecein Ti, Al mw Si u caegsr Fe,
Nb, Ni, Mg, Ca u H{ (o6uee cogepmanne upumeceit ne Goxee 0,05—0,1%).

0 MeTOoJle M3MEeDeHIIA 3JIeKTPOCONPOTHBICHAA, TEPMO3.A.C. B TCIJIOMPOBOIHOCTI OrL10
ckasano panece [9, 19]. XommoBcKas pasHocTs IOTeHUNAIOB HM3Mepsuachk mpubopom D18,

HanpsmrennocTs MaTHutHoro mojs Obuia 15000 apered, Tok, mpouyckacMuIil gepes ofpa-
sen, 2—3 a.

XuMnuecknii cocTap B MepHo;sl penleTky 06pasnoB MOHOKApOUI0B MMPROHNA

XUMIT4ECKUI CoCTas, nec. % PenTre-
dazob il prTTO-d)Op\(X.‘[bHI)H"{ I)Igl‘uf(";‘]‘("ll HOBCKafd

Zr Ceunn N cocTan cocran +0,0005 A | o
88,1 11,28 0,020 ZrC Z1Co,95 (No,002) - -

e 10 ) 70 0 ) 040 7rC ZI‘Co,91 (NO'OOS) - -
89,4 10,62 0,050 ZrC ZrCo,g0 (No,oos) 4,7027 | 6,508
90,1 10,34 0,065 ZrC 7rCo.58 (No.o05) 4,6985 | 6,489
91,0 10,08 | 0,033 7rC ZrCoss (No,oc2) 4,6990 | 6,468
90,0 9,91 0,040 ZrC ZI‘Co,aa (N0,003) 4,6995 6,449
90,8 9,59 0,050 7ZrC ZrCos: (Nooos) 4,6948 | 6,442
92,2 8,05 | 0,047 ZrC ZrCo,s7 (No.oo3) 4,6913 | 6,359
93,1 7,07 0,086 ZrC ZrCo.s8 (No.00s) 4,6850 | 6,303

* Q"opmymmmﬁ COCTAR PACCUNTLIBAJICA HA OCHOBAHIN aHAMN3Aa Ha COJICPKaHIIe CBA3AHHOrO yr.e-
pona, Kax nanboliee TouHOrO.

Roadpriprenrr Xoiwta u TepMon.c. Beex oBpasiion 1IMEIOT OTPIIATCADLHBIN
3HAK, MTO YKa3LIBaeT Ha HPCIMYILCCTBCHHO 3JICKTPOHNYIO ITPOBOJUMOCTD MO-
HOKapOnsta mupkonna. Kak MoKuo supers us pire. 1, xoopdumuent Xoana mo
abcosoTuolt BEJIMWINTe YMONLITACTes ¢ Bo3pacTaniieM Jed)IIuTa 110 yracpojy.
Raucerneniro amagornunble pesyasratol 6purd monydennt namn [10] u asro-
pamit [11] paa ofpasmon mMonokapGmma THTama ¢ TEPOMCHHBIM COJCPIKAHIEM
yIaepoja 1 TPOTIBOIOIOKHOCT: JaHHHIM aBropa [21], He ofHapys:kupmero
uaMencrnist Koddgdunuenra Xomta B 06JacTH TOMOTEHHOCTI MOHOKApOMIA TH-
rana. Ilomyuennnic B manmoii paGore smadenus kosddumuentor Xoira i
06pasmoB, GIMBKIIX K CTEXMOMETPHYECKOMY C€OCTABY, TCINIOXO COTNIACYIOTCH
¢ peayasratamu paborsr [20]. .

JKcIeprMeHTaNbBHEE HccaefoBanus Hopmni mosepximoctr DepMi B MOHO-
Kapdujie OUPKOHMA B HAcToAlec BpeMa orcyrcrsyor. Jaa Oauskoro k ZrC
mo crpykrype [22] m xapaxrepy Meskatommuoil cnasm [17—419] MonoxapGmma
THTaHA 00HAPY/KeHBI HAYTOHO Mantie 3Q@PeKTsl MarmeTo- I IhC30COIPOTHB-
JeH1s, UTO JAeT OCHOBAHME TOJATATh, YTO IosepxHocTh (PepMmr y momorapGn-
goB oaeMenton IV rpynnet umeer gopmy, Grnskyio 1k cdepruccroil, a daen-
TPOHLI TIPOBONIIMOCTH CYMTATh cBofopupiMu, B sToM cilytae yMeHbINCHHC KO-
sppunmenta Xonma apn mepexofie OT CTEXMOMCTPUICCKOrO K AeeKTHBIM 100
yruaepony 1{ap61/maz{[ YKa3blBaeT Ia yBesrnuellile KOULCHTPAIIH CBOGOJHLIX

ICKTPOHOB: N — et * Jtor pe3yJdabTar 1I¢ HaXOUT 00DsACHCHIIA B PaMKax cxe-

MBI DHEPTETIYEeCKIX YPOBUeH  BAJCITHHIX DJICKTPOIIOR T  MOMOKAPONIax
IV rpynnr, mpepnoswennsrx B [8, 23—25], 1o Xopoio cornacyeTes ¢ MPejuIo-
TojKelHeM 00 OcBOGOIKRACHMM YACTH BAJCHTHLIX CBH3eH METAJI — YLIEPOR W
BOBHMKHORBCIIHCM HCORPANHPOBAHHBIX CBS3CH METNUILL — MCTNT 1IPH BOBPACTA-

* CrmexTpalbnBlil auaaus jgo6esno nponsseien I'. H. KnGucosaiy,
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~ HEW YuCAa HedexTOB TO YTIEPOAy B MOHOKapGmmax ¢o crpyxrypoii rmma NaCl
;{gg[]ﬂfaeﬂmenue KOHIEHTPALHH CBOGOTABIX 3JIeKIPOHOB ¢ YBeAWYeHHEM YI-
‘1epOAHOTe redumETa B MOHOKApOHje MEPKOHWS, BEPOATHO, MBISETCH NMPHIRA-
HO# HabmI0aeMoro yMeHbIIeHHA abCONIOTHOTO 3HAYEHUS TePMOd.I.C. (pHC. 1).
Ha pmc. 1 mokasana Taxske 3aBHCHMOCTB Y/eIBHOTO COMPOTABIGHIA MOHO-
KapOmja MAPKOHAA OT COMePIRAHUA yIraepoxa. [aa MoHOKapOUIOB ¢ BBEICOKHM
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Pumc. 1 Puc. 2

Pre. 1. 3aBmemmocTh yAeanHOro compoTmBIeHMs (p), abcomoTHOH Tepmoa.m.c. (),
xoapdmmmenra Xomna (RB) m TeLTONPOBOZHOCTA (A) MOROKApOMAA IMUPKOHUH OT
COep;KaHNA CBA3AHHOTO YTIIEOAA:

1—0,2~—~XA 38—a,4—R, 5—R, no g2HEHM paGoTs [20]
Prc. 2. 3aBACAMOCTH YAEILHOTO 5MeKTPOCONPOTHBICHHA X a0COMIOTHOR TePMO3.JI.C.
o6pasmos MOHOKapGHAa TEPKOAMA OT TEMIEPATYPsl M COCTABA:
1 — ZrCo,s3(No,005), 2 — ZrCo,s6(No,002), 8 — ZrCo,s5(No,00) » 4 — ZrCo,5: (No,004), 5 — ZrCo,s36(No,o0s )

~ v

COAepIKaRTem yriepoa P 3HAYATEALHO TIPEBLINIAET BEIMINHEL, COOOMaBIINECT

HBIM TPECCOBAHNEM M BAKYYMHLIM CIeKAHNEM W3 MaTePHAJUB TeXIMIecKol
qucroTel [9], m mpménmkaoTes K 3HaYeHWAM, COOOMABITHMCA JIA UHCTOTO
MoHOKapbuga turama [10, 27, 28] m MomOowapOujga NUPKOHHA, HOIYIeHHOTO
ocansteneM n3 ra3oBod daswr * [27]. DaexTpocompOTHBIEHIE CIIBHO HECTe-

* Ha o6pasme ZrCo.o5(No.o02), TOTydeHHOM OCaMACHASM A3 Ta30BoH (hasbl, yCTaHOBTE-
HO yHeapHOe conporuBienne ~ 190-10~6 om-ck, 4T0 NPHAGIHBATEABHO BIBOE MEHDIIE
BHAYEHHSA, YCTAHOBJICHHOIO B HacToamiell pafore Ha o0pasmax, OJU3KHX IO COCTARY, IO-
JYIeHHEIX OyTeM WPEeCCOPAHNS H CIeRaHMA. JTO, BepoaTHO, 00ycI0BIeHo, Kak H B clydae
Mouokapbuaa rturaga [10], MeHLIIEM KoaHuecTBoM MAKDPOACHEKTOB, HE YIUTHIBACMEIX I1O-
npaBKoit [15] Ha MakrpPOCKONIYECKYIO TOPHCTOCTh CICYEHHEIX 00GpasIoB.
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XHOMETPHUCOKHX 06pasmoB, HCCAeA0BAHHBIX B HacTosmmieit padoTe, He AVeHsR o
CITBHO OTANYAeTCA OT BeJAMYUH, HOJydeHHbIX paHee [9] mia obpasues Tex:
HI:YeCKOIl THCTOTEHI. .

Kax MOoKHO BUjeTh Ha pic. 1, amexrpocompormeienne 00pasnoB MOHOKAp-
6ua HUPKOHHNA yOBIBaeT ¢ YMOHBIICHIEM cojeprkaHus B HEX yIidepoja, 4To.
coraacyeTcs ¢ Pe3yabTATAME, ToJyueHHBIMI uisi MoHoxkapbmua Tmrama [10],
a Tak/Ke ¢ XapaKTepOM M3MeHEHHST P MOHOKApGUNOB TeXHWIGCKH WHCTBIX TH-
TaHa 1 OUPKOHISA [MOCKe y9eTa BKIAa PACCEeSHHA IOKTPOHOB Ha YrIePOTHBIX
pakamcusx [9]. HafmopaeMoe ymenbpinenile p ¢ yMeHbIIEHHEM COAeDKAHMSA
yraepoga, HeCMOTpA Ha YBeIdeHHe KOHIENTpalUy YIIePORHBIX BaKaHCHi
I yMeHbIIeHMe IPOYHOCTH MeKaTOMHON cBasu [9], cpuperedscTByeT 0 mpeod-
TAfalolleM BIHAHAM BO3PACTAHIA KOHIUEHTPALHI 37AeKTPOHOB IPOBOTMMOCTH.
Bepositno, 310ii ke aipmunHoil obycnonieHo uabiaiofaeMoe BO3PAcTaHme Tem-
FOTIPOBOJHOCTII YHCTOrO MOHOKAPOUa MUPKOHIIA IPY YMCHBIICHHH cofepKa-
nusa yraepoga (puc. 1), B To BpemMa kax Ha 00paspax TeXHIUECKH YHCTOTO
MOHoOKapOuIa yMeRbIICHIIe COePHAaHUs yrilepoga IPUBOAIIO K YMEHLAIEHUIO
renonposoguocTi [9].

TemnoepaTypHas 3aBUCIMOCTH Y/IPALHOLO COTPOTHRIEHNS U TePMOd.A.C. 00-
Pa3IOB € PasTHIHBIM COMCP/KanieM yIviepoga ITOKazaHa Ha pue. 2. YjelasHoe
DICKTPOCOMPOTITRICHIe 11 alCcOoNOTHA TePMOd.JI.C. JITHEWHO BO3PAcTaloT € MO~
BBEITIEHMEM TeMIePATYpPhl, MPHUCM ¢ H3MCHEHUCM COJepIKaHNA yIvepoja Ha-
KIOH IIPAMBIX TEMIIePATYDPHBIX 3aBIICUMOCTEN YAeNbHOTO CONPOTHBIEHAA
TePMO03.JI)C. He OCTACTCA IOCTOAHHLIM, T. e. mpaBuiao Maruccena He BLHIOTHA-
eTCA TaK e, Kak »ro Obuto yeramomaeno pawee (10, 19] nna monoxapOuzos
Apyrux mepexofHpix Meramion IV m V rpynm, BRIOYag TeXHWUECKH YICTHIH
MOHOKapGI WHPRoHIA *,

B coorsercrsuu ¢ [19] mpu yMensmennu copepskanua yriepofa yrox Ha-
KJIOHA TIPAMBIX O B ¢ YMCHBIIAETCS, HeCMOTPsT Ha yBedMeHMe aMHUARTYBI
TeIIOBLIX KoacGannii aroMos B penterke Gonee ymedexrusix oGpa3moB MOHO-
Kapbuma. 3To, MO-BHITMOMY, VKA3LIBACT HA H3MCHEHHE TTapaMeTpos 30HLI IPO-
BOJIMOCTIT B MOHOKapOIie Il MAMCleHHN cofepykanis yrreposa. 1lpu nay-
eIl TeMIICPaTyPHLIX 3ABICHMOCTEIl TEPMOI.J/C. H BICKTPOCONPOTHRICHHA
qICTOro Monokapomga THTaHa ¢ PAsIIIIHEIM COjlCpIKalineM yriepojga Onuro mo-
kasawo [10], wro sddexrinnas Macca 3ICKTPONOB IIPOBOHMMOCTH yMeHBINAET-
e ¢ HOMKenneM cogeprannd yraepopa. CosepimenHo aHaTOTHINEIH Xapak-
Tep TCMIIePaTyPHLIX 3aBHCHMOCTEl 0 o O, YCTAHOBIEHULII B HacTOAlleHd pa-
6oTe mia MomoKapOnga IJIPKOHISA, IMOKA3BIBAET, 4YTO ¢ ocaabmeHHeM HKpaHmMpO-
BANIA CBA3CH MCHKAY aTOMaMH MeTajiia SJCKTPOHAMMI, 3aHATHIMI B HAIpaB-
JEeHUBIX CBSA3AX MeTaJl — YUJepox, ¢ YMEHhIIeHueM CONCPAianlist nocydeniero
[26] moxoca mpOBOXMMOCTI, MMEIOLAA B OCHOBHOM S-00pasmblii Xapakrep u
(popMEpYeMAast CBSIBAMH MeTAJLI — MeTaJul, CTAHOBNTCA Gonee unmpoxoir (og-
deKTUBIag Macca majiaeT).

BBIBOJIbI

Nayuensl yieaLHOe COOPOTIBICHUe, abCOMOTHAA TCPMOD.TI.C., TEILJIONPOBOJ-
nocrs 1 xoaddurpent Xomna 06pasmor MOHOKAPONIa MIIPKOHUA ¢ CONCPIKAHIL-
eM yraepoga or 36 mo 48 ar.%, cHHTe3MPOBANHLIX N3 UMCTHIX IUPKOEHA ¥
yriepoja B TIy0OKOM BaKyyMe,

ITokazano, IT0 HOCHTENAMH TOKA B MOHOKApOH/IC HIPKOHHA ABIAIOTCA CBO-
Goymeie anextponnl, C yMeHBHIGHNCM COJIED/RAHHA CBA3ANHOrO yriepoja Ha-
froflaeTes yMeHBIIEHNe DIeKTPOCOMPOTHRICHIIA, TePMOd.J.c. I Koaddnmyuen-
Ta XOMma M BO3pacTalMe TeILIONPOBOHOCTH MOHOKapGmja u@pKowus, ITO

* OTHOCHTEILHOE PACHOJMOKENEE TIPIMBIX TCMIOPATY POt 3aBHCHMOCTH DJICKTPOCO-
OPOTARICHIA 0GPasoR MOHORAPGIIA INUPROMIE NIT0e, TeM B eJydde TCXHIMOCRI STHCTHIX
oOpasnon [19]: B coomseTeTsitm ¢ pie. 1, npsybie jEist foiace GoraTeix yraepogom ofpasijon
PRCGUOIATAIOTCS BRINE COOTROTCTBYIOIIIX MPAMBIX st 00pasoB ¢ MCOHBIUAM CofiepiKa-
HHCM yiJeposia.
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» OUYCIOBIEHO 0CBOGOMKICHHEM YACTH BAJEHTHBIX DJIEKTPOHOB NUDKOHHA W3 JO-

‘et WQWNIMBOBAILHBIX CBA3EH METaIl — YIiIepof.

C noBpIIIeHIeM TeMIIePaTypPHl yAeIbHOe COMPOTHBIeHHe H aBCOMIOTHAS Tep-
M03.4.C. 00pasuos MOHOKApOnja HAPKOHHA JnHeAHO BO3PACTAlT, NpUIEM C
VMeHbUICHHOM COJIep/KaHUsa yIiepofa HAKJIOH TPAMEIX TeMIepaTypHoOH 3aBiu-
CUMOCTH DICKTPOCOTIPOTHBIECHNA 1 TePMO3.J[.C. YMEHBIIAeTCHA, TTO, BEPOATHO,
©06ycnoBaeno ymeHbpliueHTeM 3(@eRTHBHON Macchl IeKTPOHOB HMPOBOIUMOCTH.
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HEOPIAHMHYMECKMWE MATEPMUADND “

Tom il 1966 N 8

YIK 546.881'681-+546.881°28

E. M.CABHIEHIi, B. B. BAPOH, 10. B. EGHMOB

Opmoil 13 3ama4 MeTAIUIOBENCHUST CBEPXIPOBOHNIKOB ABJISETCA HOMCK HO-
BEIX COJABOB M COCANIEHNIT C BEICORUMII CBEPXUPOBOMSLMMHI XapaKTePHCTURA-
Mu. B aroM orHOmienus, BUAHMO, MO0 06l GLITH LCPCIHCKTHBHBIM HCCIel0Ba-
HUe CIIaBOB coepnHeHuil VsSi u V3Ga, ofnafanomyx caMbiMi BLICOKHMHA TeM-
nepaTypaMi mepexofia B cBepxmponopsmtee cocrosunie (1) ¢pepu M3BECTHLIX
coefMHeHN BaHapus co cTpykrypoii mmia CrsSi [1, 2]. Ilo Benmunne Ty co-
eqmuenus V3Si (17,1° K [3, 4]) u ViGa (16,57 K [5]) yeryualor tonbko co-
equaeHnaM NDbsSn 1 Nb;Al, Wneronguecs nurteparypusie gaunbie o Ty cniaBon
V3(Si, Ga) nporuBopeunsst. Tax, Ty cmwrasa coctana upubausnrensHo Vs(Sios,
Gaos) maxoputes B npegenax 8,9 — 11,9° K [2]. IByxxomnouentusle auddy-
smonHKIe clon Si i Ga Ha BalagueBoii MPOBOIOKe, MOJyIeHHBIE BHIEPKKOI B
Tegenwe 8 ¥ B armocicpe IIapoB STHX BJIEMEHTOB NpH TeMmmeparypax 700 —
1150° C, noxasanu TakiKe Golec HU3Kue KpuTHIeckne Temmeparypsr (~ 15° K),
geM Ty cpaBHIMBEIX OJHOKOMIIONeHTHEIX Huddysnonisix cioes Si Ha Bamaguu
[6]. B 10 e Bpems, coracuo [7], nma MeranmorepaMuueckux ofpaspgax VsSi
¢ IPHCAJIKAMY TaJUIHA HAOJOAeTCs HeKoTopoe moBonncuie Ty npu BBejeHIH
10 ar.% poGann.

Coejiunenusi V3Si 1 VsGa roMoreHinsl B HEROTOPHIX 0GJacTAX KOHLEHTPA-
nuit. Hpn yseamuennn comeprranus diemMenta B-mojarpyniinl neprogudeckoit
CHCTCMDI IEPHOJ POHICTRA @ coejpiteniist VaSi B mpejienax obaactil roMorenio-
cti uaMensiercs ot 4,727 o 4,725 A |8], a coegnuenna Vi;Ga — or 4,814 n0
4,822 A [9]. Vixe manecrno, uro MeEpay coemmnenmiaMu VsSi m VaGa npu
1000° C obpasyercsa HenpepnBRLU psan toepanix pactsopon [10]. Ilepmoa pe-
nreTkn TBepsioro pactBopa mpu 1000° C usmensterest ot @ = 4,731 A pua cma-
Ba V3iSioeGagy o a = 4,808 A mus crmava V;Sio1Gaoe [10]. Huraknx apyrax
JAHOLIX 0 CTPOSHHM H CBOIiCTBAX CIUIABOB cicTeMbl V — Si— (Ga B anTeparype
He OIUy0IITKOBAHO.

Ileanto macTosimieii paGoTir GBUTO HCCHCHOBAHHE TeMICPATyPH HMepexofa B
CRepPXIPOBOAICE COCTOSHIE M CTPYRTYPLL cluiaBos cucreMnl VaSi — ViGa.

MexoqnbIMil MATCPHANAMIT CHYKIH: KapGoTepvruccknil panajmnii (99,8%), xpesumit
anrcToToli 99.8% H ramiuit uncroroil 99,99%. CnuaBnl BLIILIABAAIMCH, B AYLOBOM IeYH © He-
PACXOIYeMBEIM BOJIBEPAMOBEIM DICKTPOJOM B aTMochepe OTHIIEHHOYO ICJARS TIPH JIaBICITHIT
0,9 arx. HIAXTOBKA CUJAROB BONACH € YUETOM HWCIAPCHI KPeMHILL Il TALHIA BO BpeMs
wraski, CocTaBbl BBHLIABJACHHLIX CINIABOB 10 HIMXTC M 10 KOHTPOJILHOMY XHUMITTCCKOMY
antaay mpuseient B Taluume. Cofleprranire yraepo;a B crianax e upessunasto 0,2 nec. %,
rucaopora — 0,3 mec.%, asora — 0,05 Bec.%, MeTammmueckux  mpirveceit B cyMame —
0,1 Bec.9,. ToMorcum3NpyOIHii oTKHEr cniasop nposoxmics Mpu 800° C » Tevenne 2500 «
B KBapHOCBLIX HBAKYHpPORANUBIX aMnynax. MeTopnRa HcciesoBanysi ciiapon 1mogobna Me-
Topuke, nprMenenuoii B paGore {4, 8, 9]. Crpyxrypa JNTLIX H OTOMUGKEHHBIX CILIABOR
ACCAENIOBANACH MCTOAMII MIKPOCKOIAYCCKOLO M PERTICHOBCKOrY auamusos ¥. Muxporsep-
TocTe has cwranow nsMepsizacs, Ha npibope IIMT-3 npm marpyswe 50 2. UaMepenms TeM-
I[e'paTy])hI n(‘l)(‘x();lli CHAaBoOB B CB(‘,pXIIp()]!UIUHI(OC COCTOSTHHEe 1HPUN3BO,LLHICH (L0 HaMUeie -
HHIO MATHHTHOI JIPOHHIACMOCTH Ha YCTAHOBKe, HaroTowicHirofl B MucruryTe MeTaqdayp-
rin uMm. A, A, Baitropa. Ty crmaasos maMepsiach Ui TeMueparypax suiie 4,2° K

* Antopur peipaskaior Gaavojaprocers B Mo Poacwtmeserovy  (Jlnsosekuii roc, yu-1
s, U Dpanko) sa nposejleie perTreHoBeKOro anainsa ciilabos,
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